World wide, coastal erosion is recognized as a great threat for beach environment. Total control of coastal erosion is not feasible but it should not be ignored and needs timely management. Erosional activities have been significantly noticed along the coastal tract of Vembar and Kallar (Kallurani), South India. An attempt has been made here to delineate different zones based on their sand budget and erosion rate. Linear Imaging Self Scanning Sensor (LISS) III 2001 and Linear Imaging Self Scanning Sensor III and PAN merged data of the year 2001 have been utilized to identify the coastal geomorphological features, shoreline changes and river course changes. A Geographic Information System (GIS) software namely ArcGIS (9.1) has been used as a tool to delineate the coastal erosion hazard for proper planning and management of coastal developments. Beach profile studies have shown significant variation in the beach morphology. The study area has been categorized into five different zones in the GIS analysis based on the degree of coastal erosion and sediment dynamics namely (i) very high -Kalaignanapuram, (ii) high -Sippikulam (iii) medium -Periyasamypuram (iv) low -Vembar and Kallar (Kallurani) (v) very lowPachayapuram.
INTRODUCTION
Coastal erosion represents the long term loss of the shore material (volume) relative to a fixed reference line (baseline) and initial reference volume seaward of this line and above an arbitrary vertical datum (Basco, 1999) . Coastal erosion is always accompanied with the shoreward recession of the shoreline and the loss of land area. The assessment of the coastal erosion and method of mitigation is essential for coastal zone management. Many researchers have highlighted the use of remote sensing and GIS technology for mapping and predicting the beach erosion pattern and beach sediment responses to coastal dynamics for management purposes (Rajamanickam and Gujar, 1984; Chandrasekar et al., 2001; Prasannakumar, 1985; Chauhan et al., 1996; Nayak, 2002; ) and Jayappa et al., (2006) used satellite images to study the coastal geomorphology, land-use and land-cover of Sagar Island, south of Kolkata, India and found out that the eastern part of the island is rapidly eroding due to destabilization and growth of tidal flats in the nearby estuary and the gradual shifting of water current towards the island.
The study area is located in the coastal tract of the Tamilnadu state, located in Southern India. The coastal stretch between Kallar and Vembar extends over a distance of about 24 km. The area lies between 8°45' to 8°55'N and 78°10' to 78°19'E (Fig. 1) . The entire coast has been identified as zone of erosion. Medium to high wave energy condition prevail along the study area (Angusamy et al., 1998) . the coast over several years/decades. The natural and anthropogenic causes of coastal erosion in the India are not different from the causes elsewhere. Removal of sand and gravel directly from the coast by illegal quarrying could be a significant factor triggering coastal erosion and shoreline recession.
MANAGEMENT OF COASTAL EROSION
Coastal erosion or accretion and has been an ongoing challenge for coastal managers, engineers, planners and the like. Since most countries coastal zones stretch for hundreds or thousands of kilometers, it is not an easy task to identify the coastal reaches that require early attention. Remote sensing images that have the coverage of significant spatial extents are excellent tools to provide information with respect to beach sections that need attention. Multi-temporal remote sensing (RS) images over a particular region provide straight forward information about the beach profile changes. However efforts to manage beach profile changes using RS have to be supported with associated sediment quantities so that useful decisions on coast management and financing options can be made.
Geographic information systems incorporating temporal changes in the bathymetry of a region can be effectively used to identify the volumetric change of coastal sediments over time together with the associated beach profile change.
Detecting coastal erosion
The locations of the historical coastal erosion and the erosion rates can be estimated by using the followings:
a. The historical aerial photographs and coastal topographic maps provide information on the past shoreline positions and the rate of shoreline recession. b. Comparison of the successive bathymetric maps provides information on the regions of erosion and accretion, and their average rates) (Golik and Rosen, 1999) . c. A numerical model to calculate the sand transport rates from the historical time series of wave data, and the resulting morphological changes (Golik and Rosen, 1999; Rakha, & Abul-Azm 2001) .
The present and the future trends of coastal erosion can be monitored through the following schemes:
a. Visual observations on erosion indicators (location of erosion and in some cases the rate of shoreline retreat). b. Shoreline position surveys (location and the rate of shoreline retreat/advance) (Micallef, 2001 ); c. Topographic and bathymetric surveys (zones of erosion and accretion, and their rates) (Bowman & Pranzini, 2001 ). d. Use of aerial digital photography and satellite images giving the (location and the rate of shoreline retreat/advance) (Eronat, 1999; Suzen & Özhan, 2000) .
Predicting future erosion
Numerical modeling has developed to be a powerful tool for predicting past, present and future changes in the sea bed topography and shoreline position. The prediction of the historical changes by numerical models helps to understand the scale and composition of the factors that contribute to coastal erosion. Knowledge on the present and future erosion patterns and rates that would occur under different scenarios and strategies is very important information that contributes significantly to rational coastal development plans and management practices.
Types of managerial options
There are three types of managerial options in response to coastal erosion (Weide (2001), namely:
• Retreat;
• Accommodate for the present and • Defend.
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The "retreat" option indicates the acceptance on the shoreline erosion as a long-term phenomenon, and movement of development to inland locations that are sufficiently far away for not being affected from the ongoing erosion within a reasonable timeframe. This option is especially meaningful for undeveloped (rural) coasts where not many people suffer critically from the ongoing erosion.
The "Accommodate for present option"-could be the rational choice when an important infrastructure (such as a highway) can be modified with a reasonable budget so that it can be used for an additional period after the eroding shoreline more or less hits a length of the structure. This option merges with the "retreat" option in the long run. The "defend" option is the undisputed choice for an eroding urban coast. It indicates the use of one or more types of structural or non-structural measures to stabilise the length of the eroding coast facing the urban areas. The "Defend" option may also benefit from improved watershed management practices.
RESULTS AND DISCUSSION

Sediment dynamics and erosion
The monthly erosion rate prevailing along the study area is shown in Table (Table 2 ). Predominantly, accretion activity is more than an erosional activity in the beaches of Kallurani and Vembar due to the supply of sediments to the beach by the Rivers Kallar and Vembar respectively during the monsoon season. Ghazali (2006) reported that on a longer time-scale, the migration of river mouths following major flood events could also be cited as a natural cause of erosion whereby a river entrance relocates at the shoreline as flood flows find the shortest way to the sea. This results in a new river course that carries the bulk of the flow and increased sediment supply at the new entrance, and correspondingly an old one with reduced flows and reduced supply of sediment at the old entrance. This suggestion matches quite well for the Kalaignanapuram beach as the mouth of river Vaippar has been found to be migrated towards Sippikulam (Fig. 2) following a seasonal overflow of water during the heavy rainy season. This might have reduced the sediment supply to the old entrance (Kalaignanapuram) and at the new entrance (Sippikulam) the sediment supply would be obviously increased. The increase in sediment supply along the Sippikulam coast would have contributed considerable amount of sediments to the longshore drift towards Kallurani beach as the flow of current is southward during NE monsoon (Cherian, 2003) . This additional input of sediments from the longshore drift together with the seasonal sediment supply from the Kallar River had compensated the erosion prevailing along the Kallurani coast and hence, it shows a low erosion. Similarly, the Vembar beach also 
Figure 2. Vaippar river course change identified in satellite imagery
shows low erosion. Since this time it had maintained its sand budget in equilibrium by compensating the erosion with the seasonal arrival of fresh sediments from the River Vembar. But Sippikulam beach remains in the high level erosion. Vembar coast has not been found to be severely affected by mining as it had an alternate source of sediment -the river Vembar (Table 2 ). For coastal management purposes short-time events represent a far greater hazard than long-term trends. Angusamy et al., (1998) emphasized the role of a wave refraction pattern in the redistribution of sediments along the Southern Tamilnadu coast. They identified various zones of convergence and divergence which would implement erosion and accretion respectively. Accordingly, the coast of Kalaignanapuram, Sippikulam and Periyasamypuram experienced a relatively high erosion as they fall under the convergent zone whereas the rest of the beaches fall under the divergent zone which had minimized the rate of erosion there. Apart from offshore islands there are some small-scale submerged features like sand bars, sand ridges, etc., along the study area which would have supplemented the short-term erosion processes along the coast.
Coastal erosion mapping
Anfuso and Pozo (2005) determined the major erosion and accretion areas along the littoral zone by qualitative field observations, satellite imageries and incorporated it into a GIS in conjunction with the distribution of natural and human coastal structures. They created relative erosion hazard rankings for each coastal area. Similarly, in the present study, the mean annual erosion rate has been divided into five categories for three different years (study period). The interval based on erosion rate to categorize the beaches was assigned in such a way that the interval is regular for each class. The erosion rate for each class may vary from year to year as the erosion rate varies for each year. Hence, the categorization would be assigned into five equal intervals based on the maximum to minimum erosion rate recorded in the respective year. Based on coastal erosion rate, beach width, surf zone width, beach slope and sediment transport the coastal erosion map is prepared (Fig. 3 to Fig. 6 ). The coastal erosion hazard map for the year 2000 is shown in Fig. 3 and the criteria for the categorization 216 Management of coastal erosion using remote sensing and GIS techniques (SE India)
International Journal of Ocean and Climate Systems The zone of Vembar has been changed from medium category to very low erosion category with the erosion rate ranging between 0.816 to 0.833 m 3 /year. The reason for the change is due to the ban on the sand mining in the riverbed/beach. It is quite captivating to note that only Kalaignanapuram beach experiences very high erosion when compared to other beaches of the study area and the beaches like Sippikulam and Periyasamypuram endured erosion rate under the category of high and medium respectively. The beaches like Pachayapuram, Vembar and Kallurani experienced less erosion. The high erosion at Kalaignanapuram and Sippikulam may be attributed to the fact that the presence of number of sand ridges and islands namely Karia Suli and Vilangu Suli ( Fig. 1 and Fig. 2b ) might have refracted the waves approaching the study area, usually, from the southeast direction which in turn would have created wave convergence towards those beaches. Moreover, the diffraction of waves from the chain of islands and sand ridges might have created an area of reinforcement and cancellation which favoured high erosion in the beaches falling in the reinforcement zone and leaving other beaches without much erosion in the cancellation zone. The beaches adjacent to the river mouth were proved to be less eroded, relatively, since the eroded sediments would be complimented by the frequent arrival of fresh sediments from the rivers as in the case of Kallurani, Pachayapuram and Vembar. The zone of Vaippar remains as an exception to the above fact since the contribution of sediments from the River Vaippar could not outweigh the erosion activity due to high wave energy condition prevailing along the coast as it falls, awfully in the convergent zone of the waves refracted from the islands of Karia Suli, Vilangu Suli and the waves deflected from the islands of Uppu Thanni and Nalla Thanni might have created constructive interference of waves along that shoreline (Angusamy et al., 1998) .
ENVIRONMENTAL IMPACTS AND SOCIAL IMPLICATIONS DUE
TO COASTAL EROSION Beach nourishment may also have important environmental impacts and social implications. Pollution of water column during dredging/nourishment due to suspension of fine particles can be a significant issue when the borrow and fill material has considerable amount of fines or impurities. Coastal defense structures such as groins and detached breakwaters generally increase the rip currents. In recreational beaches protected by coastal structure, the enhanced rip currents may be a significant safety issue, being responsible for the case of drowning. The key issue here is the future development of the land area behind an eroding beach. It is a very important policy not to allow development (buildings, roads etc) very close to the shoreline. If the land use plan does not include a sufficiently wide buffer zone where no development is allowed, it will definitely be necessary sometime in the future to invest large amounts of money for stabilising an eroding shoreline in order to protect the developments. Coastal erosion does not only cause the loss of valuable land, but it necessitates very expensive shore protection schemes for saving facilities that had been developed several years ago. Such situations can only be avoided by knowing the future evolution of the shoreline.
In the light of the anthropogenic causes discusses earlier, it is clearly seen that the lack of proper coastal and river basin management triggers coastal erosion. Several of these causes are due to human activities and developments that take place far away from the coast (building of dams, flow diversions, afforestation works, sand and gravel mining from river beds). Therefore, proper management of rivers and their watersheds has direct and strong implications for coastal stability. On the other hand, the presence of significant coastal erosion should trigger coastal management efforts, not only to develop and implement a defense scheme in the short run, but to initiate a process by which the issue of coastal erosion is addressed in a wider sense, involving various stakeholders, including those who contribute to the causes of erosion, and those who suffer from it.
CONCLUSIONS
The various zones of erosion hazard identified over the study area reveal that the presence of barrier islands, river input and wave patterns caused the erosion that further depended on the coastal configuration. It was noticed that if the river input gained over the erosion activity, the beach could manage to survive without much threat for maintaining its volume. The erosion hazard maps prepared showed the usefulness of geospatial technologies in the coastal management system. The maps could serve as a tool to initiate and implement coastal management program as it pinpoints the beaches which needs immediate and long-term beach nourishment measures. Provision of structural shore-protection structures like groins, sea walls and rip raps could be decided based on the erosion hazard category worked out in this study to prevent the erosion.
